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Supplementary Note 1. Electronic-structure calculations
To assess the influence of spin-orbit coupling on the electronic structure in the bulk, we have performed fully relativistic ab-initio calculations. Supplementary Figure 2 displays the bulk energy-band dispersions of BiPd projected onto the (010) surface along high symmetry lines of the surface Brillouin zone of Fig. 2f (see main text) . Spin-orbit interactions lead to a spin-splitting as well as to a shift of the bands in energy [compare Supplementary Figure 2a with Supplementary Figure 2b ]. With increasing spin-orbit interaction the p 1/2 bands at the Γ point move down in energy, opening up a band gap within which a Dirac-cone surface state appears, see Figure 2 of the main text and Supplementary Figure 3 . We find that around the Fermi energy E F , the bands are mainly of Bi 6p orbital character with subdominant but non-negligible contributions of Pd 4d states. Thirteen bands cross E F leading to several disconnected Fermi surfaces, some of which are quasi two-dimensional with cylindrical shapes oriented along the k z direction of the Brillouin zone (BZ) (cf. Fig. 2e, f) . The strong atomic SOC of Bi induces a spin splitting of the bands of the order of tens of meV and, moreover, results in a large energy shift of states that have predominant p 1/2 orbital character [4] and moves them into a directional band gap near the Γ-point (see Supplementary Figure 2 ).
In Supplementary Figure 3 The resistivity data in Fig. 3a were measured on a bar-shaped sample of size 0.33 × 0.23 × 1.1 mm 3 using low temperature transformers to improve the signal to noise. The measure-6 ment current was 0.5mA. The bar was prepared by cutting a piece from the ingot using a wire saw and then mechanically cleaving this under liquid nitrogen, to give a bar with cleaved (010) or (010) faces on the top and bottom; the 0.23 mm dimension is the thickness perpendicular to these faces.
The superconducting transition temperature has been extracted from magnetometry, transport and specific heat experiments. The samples have also been characterized by X-ray diffraction to confirm the crystal structure.
As can be seen from Supplementary Figure 4 , single crystals of α-BiPd have a T c ∼ 3.8 K as determined from magnetic susceptibility and transport measurements. Magnetization loops with magnetic field applied along different crystallographic directions taken at 1.8 K yield an upper critical field around 40 to 60 mT at 1.8 K, with the smallest value for H b. With the exception of the magnitude of the upper critical field H c2 (extracted from the midpoint of the resistive transition and where the field-cooled magnetization reached 10% of its full, low-temperature, low-field value), our data agree well with those published previously [2] , including our residual resistivity ratio of up to 140. For H c2 , our results are consistent with previously published SQUID measurements [5] , though somewhat lower than what has been reported from transport [2] . Our resistivity data only agree with other techniques when high drive currents are used.
Supplementary Note 3. Specific Heat Calculation
The electronic contribution to the specific heat has been calculated from
with E(k) 2 = 2 k + ∆(k) 2 , ρ( ) the superconducting density of states (DOS), ∆(T ) = ∆ 0 · tanh α π 2 · Tc T − 1 with α = 1.138 determined from fitting ∆(T ) to the temperature dependence of the gap magnitude obtained from the BCS gap equation ( Supplementary Figure 5a ). Using ∆ 0 = 1.764k B T c reproduces the BCS behaviour, as shown in Supplementary   Figure 5b .
